Abstract. This study aims to analyze the influence of different turbulence models in
The literature present several CFD studies concerned on to simulate ejector's flows. SCOTT et al. (2008) simulate an ejector used in refrigeration system, comparing numerical results with experimental data, achieving good results with a maximum of 10.8% of error. SRIVEERAKUL et al. (2006) has set up an experimental apparatus for an ejector working with saturated water vapor, measuring the wall pressure profile along the ejector and the entrainment ratio (rate between secondary mass flow and primary mass flow), comparing with numerical results obtained in CFD simulations.
Both work previously cited realized steady state simulations using a RANS (Reynolds Averaged Navier-Stokes) model k-ε to model the turbulence. In the present work, a CFD package (FLUENT) was used to obtain results of simulations using RANS, URANS and LES approaches for turbulence based on the equipment and data of SRIVEERAKUL et al. (2006) .
METHODOLOGY
The effects of operating conditions and geometries on its performance were investigated and validated with the actual values. In this work were performed 3D simulations of a steam ejector with dimensions showed in Figure 1 , based on SRIVEERAKUL et al (2006) geometry. Saturated water vapor was used as work fluid for primary and secondary fluid in different conditions as showed in Table 1 . In these three cases was assumed the pressure of 3000 Pa as the back pressure and a pressure profile was obtained along the steam ejector wall to compare with experimental data.
An important parameter for the ejector performance evaluation is the entrainment ratio (RM) defined by the equation below. There are three zones of operation, distinguished by the critical pressure and the break down pressure. First is the chocked flow zone, where back pressure is below the critical pressure. The secondary fluid shocks which causes a constant flow, maintained the same value of RM throughout the region. Second, the unchocked flow zone, where the back pressure is above the critical pressure and the secondary fluid doesn't shock. The secondary flow fall quickly as the back pressure increases. Finally, the reversed flow zone where the back pressure exceeds the break down pressure and reverse flow of secondary fluid occurs characterizing a malfunction region. Many past studies [KEENAN e NEUMANN (1942) , CHUNNANOND e APHORNRATANA (2004), ESDU (1985) e APHORNRATANA e EAMES (1997)] show that, not only operating conditions, but ejector geometries were also found to affect the ejector performance.
To build the ejector's performance curve were performed several simulations keeping the inlet boundary conditions and varying the back pressure values. 
CFD MODEL SETUP
The simulations were performed in ANSYS Fluent 13.0 (ANSYS FLUENT theory guide, 2010), it was used density-based solver, which is more suitable for simulations of compressible flows and in all simulation the energy equation was solved.
The Steady-State transport equations are described below.
• Continuity Equation
Where u i is mean velocity component in x i direction, ρ is the density, p is the mean pressure, υ is the kinematic viscosity, the overbar denotes time averaging, and the prime denotes fluctuating part.
Turbulence models
In this work were used three turbulence models, SST k-ω model, the SAS model and LES.
• SST k-ω Model
The SST k-ω by KARVINEN and AHLSTEDT (1994) is based on the boussinesq hypothesis. The Reynolds stresses,
are approximated with as follow:
Where υ t is the turbulent viscosity. This model blends the robust and accurate formulation of the k-ω model in the near-wall region with the free-stream independence of the k-ε model in the far field. Blend function are used to convert k-ε model into k-ω model. The transport equations for this model are described below. 
• SAS It's is a URANS model developed originally by FROHLICH and TERZI, (2008) , basically a transient RANS model. This model include a source term Q SAS in the ω transport equation of SST k-ω, to minimize the effect to model the turbulence when this term is greater than zero. To calculate his value mesh and time step refinement have to be sufficient to capture turbulence effects. The Q SAS equation is showed below.
Where, l is the modeled turbulence length scale and l υk .is the Von Karman length scale described below.
• LES The LES concept is to resolve the large scales of turbulence and model the small scales using the grid refinement as a filter to decide which one will be resolved or modeled using a subgrid model, usually simpler than two equations RANS models. The original model was developed by SMAGORINSKY (1963) and uses the follow expression to evaluate the turbulent viscosity.
An adaptation of original LES model is called dynamic LES, where C s isn't a constant anymore. A second filter is used and the scales between the two filters are used like representative of small scales of turbulence being used to calculate C dynamically. This one was used in this work.
Computational Domain and Mesh
The experimental equipment was divided in four parts, primary nozzle, the mixing chamber, the constant-area throat and the subsonic diffuser, as shown in Figure 1 .
The Table 3 shows the meshes used with different refinement levels and presents their statistics. SST k-ω and SAS simulations used the all three meshes, for LES simulation it was used only the mesh 3. Simulation with SST k-ω was made in steady-state condition whereas SAS and LES simulation were made in transient state with time step of 10 -6 and 10 -7 , respectively.
To calculate the characteristic time, it was used the smallest velocity between primary and secondary fluid from SST k-ω simulation results according to the following equation. 
To ensure the development of the flow it was considered the simulation time as 3 times the characteristic time.
The computational time was around 48 hours for SST k-ω simulations, 60 hours for SAS simulations and 72 hours for LES simulations using 16 processing cores distributed by 2 machines with the follow configuration. 
RESULTS AND DISCUSSION
In this section the results will be presented. First, a grid resolution study with SST k-ω and SAS model will be discussed followed by a comparison between these models against LES model. The case used was case 2 (Table 1) , this case is the most complicated to simulate because of the greater difference between the conditions of primary and secondary fluid.
Grid Study Resolution
Three different meshes refinements were used in this work. For SST k-ω and SAS all three meshes were used in simulations and for LES only mesh 3. Figure 3 and Figure 4 show the comparison of pressure and Mach profile and Table 5 show the RM values calculated for simulations of each mesh with SST k-ω turbulence model, those values were compared with experimental data obtained from SRIVEERAKUL et al (2006) . No difference between three meshes was observed. This behavior indicates the results independence against mesh for the SST k-ω model. For comparison with other models mesh 3 results were applied.
Comparison between models
Following, Figure 5 and Figure 6 show the comparison of pressure and Mach profile between SAS with all three meshes and SST k-ω with mesh 3. Table 6 show the RM values calculated for SAS compared with SST k-ω with mesh 3. SAS model was more sensitive to mesh refinement than SST k-ω The simulation with less mesh refinement (mesh 1) showed similar results compared to SST k-ω simulation. This behavior indicates that the mesh or time step refinement wasn't enough to compute QSAS and SAS model, reducing the SAS to SST k-ω.
Simulations with mesh 2 and 3showed greater differences where SAS model showed an increase in pressure at a point above that seen in experimental data and a greater error with respect to experimental data when compared with SST k-ω. Figure 7 shows the performance curve for case 2 using SST k-ω and SAS as turbulence models. The errors bars are 5%. Both SAS and SST k-ω anticipate critical point when compared with experimental data but SST k-ω nevertheless SST k-ω showed the best results. Table 7 show s the errors of those models related with experimental data. SAS has the worst behavior for all points. The SAS worst error is close to 80% against SST k-ω with 50%. Both values occur for the same back pressure of 50 mbar. LES model represents well experimental data although it has been compared mean value of variable but the SST k-ω still presents the smallest errors. The mach profile is correct with velocity peaks which decrease in amplitude over the ejector representing the dissipation of kinetic energy.
CONCLUSION
The ejector behavior was studied with three different turbulence models, SST k -ω, SAS and LES. SST k-ω was evaluated under steady state conditions and the others in transient condition. The main objective was to compare those models in capturing steam ejector supersonic flow characteristics analyzing pressure, Mach and RM values.
SST k-ω showed the best pressure profile agreement when compared with experimental data. The values of RM for SAS and SST k-ω models were close to 20%, when compared with experimental data. The understanding of this difference was not achieved yet as the CFD researcher still going.
SAS model was more sensitive to mesh refinement and simulation with less refined mesh showed results close to SST k-ω indicating that Q SAS wasn't computed.
LES results showed a pressure profile similar to the experimental data. Temporal averages had influenced some points which presented a difference behavior, when compared to experimental data.
Some tests were performed in order to make the numerical results closer to experimental data but with no positive results. The reason of the numerical difference against experimental data is not clear yet, more research is need. Thus the SST k-ω model provides the best cost/benefit ratio for this simulation.
